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NOTICE: V¥hen govermment or other drawings, specie
fications or otber date are used for any purpose
other than in comnection with a definitely relsted
govermment procurement operation, the U, S.
Government thereby incurs no responsibility, nor any
obligation whatscever; and the fact that the Govern- .
ment may have formulated, furnished, or in any way
supplied the said drawings, specificatioms, or other
date is not to be regarded by implication or other-
wise as in any mamer licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related.
thereto.
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ABSTRACT

Acceptable RV12 substrates have been received from American Lava,

Pre-pre-production tests and subsequent results obtained with unhoused
elements show that moisture resistance can be improved with a thin film
coating or a slight revision :n terminat.on mater.al. Mo:sture failures

appear to be greatly reduced by runming the test without housings; in-

~dicating that moisture entrapment in the housings has been a major

hindrance to good performance.
Manicuring of facilities continues as required.

An improved methad of applying the s.lver shorting path for "C' tapers.
which involves spraying through a mask :n place of the silk screening

method now used. has been developed.
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BACKGROUND
The purpése of this contract !s to develop. design. procure, install |
and manicure manufacturing facilities to produce variable film-type
resistors capable of satisfying MiL-R 94B {as moéifﬁud n accordance
with Contract No. DA-36 039.SC-7598!' whose major characteristics
include 125°C ambieut temperature. 100.000 cycle operation at ambient

with rated load, and improved environmental stability,

In a Technical Action Request dated July 18 1959 _RC proposed changes
in the applicable components specificat.ons, Subsequuntly  with one ex-
ception, the requested changes were approved, The exception involved
rotational life characteristics and the poss.b.lty of future approval was

made contingent upon the subm.ss on by RC of {further technical infor.

mation., The most signif.cant change .nvoived no'si: level before and after

rotation. This ENR level must {1: not exceed [% of total resistance or 5
ohms (whichever is greater), (2) nor may it exceed 5% of total resistance
or 25 ohms (whichever is greater). after 100 000 cycle operation, full

rated load at 125°C or de-rated load at 150 'C.
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As a result of the signing of an operation agreement between :RC and
Chicago Telephone Supply Service of Elkhart, indiana, it was decided
that IRC and CTS would submit a proposal to the USASSA allowing

establishment of facilities at CTS.

The development program to date has been directed toward the establish-
ment of 2 system (substrate, film and contact) which .s capable of meet~
ing the contract requirements. After considerable ¢ffort, this system has

been incorporated into a potentiometer design.

Carbon alloy, metal. and glaze fiims have been tested on ceranﬁc sub-
strates using molded carbons. precious metals and carbongraphite wiper
materials, While both metal {ilm and rcsistive glaze elements showed some
promise, the performance levels were not as high as those observed for

carbon alloy.

After considerable difficulty experienced by Coors Porcelain Company
in making substrates in the designed configuration. another vendor
(American Lava) has tooled to produce 96% alumina substrates for both

“the RV11 and RVT2 potentiometers. The surface finish requirement of these
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substrates has been wvstablished at 15 m.croinches. and carbon alloy has
been selected for deposition on the substrates. A single grade of carbon
(Pure Carbon Co. E-27) will be used as the wiper on all resistance ranges

from 100 ochms through 1,000,000 ohms.

The method of adjusting resistance tolerance as reported in Quarterly
Report #7, on production elements .s operational. The screening of a
pattern of conductiv: material to produce nonlincar taper has been proved

feasible,

Temperature coefficient curves »nd.cate that for lincar elements. 750 PPM

can be maintained for res.stance of 100.000 okms and less. At 200,000 ohms,

750 PPM becomes marg.nal and 1500 PPM .s exceeded for all values of
400,000 ohms and greater. Tuemperature cocff.c.oent on "'C! taperéd elements
will correspond to those values observed on iinear elements which are

approximately double the resistance range of the tapered element,

An improved termination of VZA conductive pa.nt with a VLS carbon ink
overlay provides moisturc resistance superior to that of VZA alone. How-

ever, moisture tests of housed elements have shown a high failure rate,

indicating that the sealed housing has a deleterious effect.
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PRODUCT ENGINEER'NG

A,

Substrates

Deliveries of 1500' RVI2 substrates have been received from
American Lava. Dlmensfbns are‘acceptable wiih the follow-
ing deviations noted: 1) the: . 968 £ ,005 outside diameter is
unders:.zed on most p.eces. measur.ng ,956 to ,959; 2) the
inner wall in the terminal siot area has been made thicker

by add:tion of a radial contovr whercas. the drawing specifies
two chords of the ins:de diameter, Do-v.atiqn )7 has been
accepted after checking with CTS to conf:rm that the sub-
strate can be ci.nched .n the clinch.ng ring; 2) s a2 minor de-

viation having no effect on processing or assembling the element.

A small lot (271" of RV i1 substrates were rejected. and re-
turned to vendor. for high surface roughess., A sample of
six pieces averaged 19.4 micro.nch RMS with a span of 18 to

22 microinch,
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‘The pre-pre-product.on tests, rupressnt.ng the first data obtained

with the carbon alloy elements assembicd ‘n housings, have been
completed., Most of the data was reported in Quarterly Report

#13. The completed data summar.es are presented here (Tables

il through V.). As prev.ousiy noted, load !l{u: and rotational life
changes were greater than the specified 5% AR, Some of thu larger
load-life changes were attributud to substrate and termination defects.
Process changes have been made to corruct these conditions. Because
one lot each of RVI1 and RVI2 units was found to have been improperly
mounted on heat sinks dur.ng the load i.fec test. the test was repeated
(test lots No. 14200 and 1420: .n Table "+ with potcnllombuters a,ssémbled
at the same t.me as those prev.ously tested. The resistance changes
were again high., Disassembly of the unts hav.ng the greatest changes
showed that the terminat.ons were th.n and incompletr:. as was noted

beforc.
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Another defect visible in the RV12 pots is an 'nadequate crimping of
the clinching ring which prevents proper seating of the substrate
against thé ring, This decreases the heat conduction to the housing
causing excessive film temperature. CTS will be advised of the

situation so that corrections can be made before pre-production.

The major problemn which showed up in pre: pre - production testing

was poor performance in the moisture resistance test,

Data obtained in the last q‘uarmr (Quarterly Progress Report #13)
indicated that a carbon ink overlay covering the VZA termination
would improve mo.sture resistance. A lot of {2 RV!II potentiometers
were assembled with the i1mproved termination, All openings in the
housing were sealed w:th vpoxy; and .n four assemblies. the opening
between the shaft and bushing was also sealed. The latter operation
prevents rotation of the shaft, but was used in this instance to de-
termine whether or not an improved shaft scal is necessary. Half

of the pots were submittud 10 the MiL .R--94B mo!sture resistance test

at IRC; and half at CTS.




All oif the units which had been sealed around the shafl, and 4 of the 8

other units. wure "open' after 10 molsture cycles, 1See Table )

In an effort to .mprove mo:sture res.stance of the eleﬁent itself. 10
groups of unhoused e¢lements were prepared and submitted to the
moisture test. Thes: groups used various protective coat;ng'_s and
termination modif.cations, as shown .n Tabie V.., Th.s table also
summarizes the test results afier 10 mo.sture cycles, Group numbers
4, 5, 8, 9. and 10 had no fa:inres. Thure were no "opens'' ‘n any
group. including group 6 which was terminated .n the same manner

as were the assembled pots of Tabie ., Mo.sture cycl.ng of the un-

housed elements is continu.ng .n order to determune the best system,

it is apparent from the f:nd.ngs 10 date that the seaied housing ls a
detriment to good mo.sturc res.stance. 'n futire assemblics, the hous-
ing will be left completely unsealed to allow entrapped moisture to

escape.

- 10 -
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PRE-PRODUCTION

Production of elements was stopped pvnding evaluation and solution
of the moisture problem. Manufacture of pre-production elements

will be started, using the revised termination and/or coating indicat-

ed by the tests in i B, above.

"C" taper shorting patterns have buen successfully screened. Be-
cause of the fine resolution required :n the RVI] pattern, the consist-

ency of the VZA is critical. and the screen must be cleaned frequently,

FACILITIES

A. Element
The element facility changes dur.ng the past quarter consisted of
some minor manicuring of the ¢qu:pment and the development of

an improved technique for applying the taper shorting path.

The screening set-up for tapers was brought to the point where
the taper pattern could be screened on the elements consistently,

As pointed out above. the screening mater.al viscosity s critical,

however, the system is workable.

<11
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An aiternative method of zpplying the same pattern was develope |
ed. Tt was dumonstrated that fne sk cotld be made by the photo~
etch process which rutained sherp definltion, The silvar was
sprayed-through this mask and the rasiliting pattern was accept-
able. The opuration Is luss ¢ritical than scresning so this
method will be tooled

A checking {ixturs for r.ading ra-esistanq &t the mid rotation
point of the elements was made:

Also, an impréwd contactor of Pzilney 37 Alloy was mede to
monitor the res.stance of a.n vlement whise adjusting it on the
machine.

Housing

No changes to ruport.

- 12 -
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CONCLUSIONS

Acceptable substrates can be produced for both the RV.. and RVI2

sizes,

Moisture results obtained with unhoused elements are superior to

data obtained with assembled, epoxy -scaled potentiometers.

Definition and ease of application of the ""C" taper pattern are .m-

proved by the use of a photo-etched mask and spray in place of the

silk screening process.

- 13 -




PROGRAM FOR NEXT QUARTER

The moisture tests on unhoused elements will be continued to deter-

mine which termination and/or coating prov:des the most protection.

Pre-production of elements will be begun ueing the indicated new

termination.

- 14 -
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TABLE

I

Moisture resistance tests of 325KR RV.i. potentiometers (combined IRC

and CTS results),

No. Units

(% /'R (spec: 5%)

Max

Min.

Ave,

Fail

Remarks

8

+4.6

+0.81

+2,05
(ave, of
4;

4/8
(4 "open™")

Units epoxy -
sealed on back
of element anﬁ
between case
and bushing

ALL

UNITS "OPE

4/4

Units sealed -
as above, plus
epoxy seal

around shaft,

Note: All units passed 500 V AC dielectric strength; 1/12 failed insulation

resistance: 40 MQ (spec. . 100 MQ minimum).
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TABLE VII

MOISTURE TESTS, UNHOUSED RVIi ELEMENTS

10 Cycles
Original h Failure
Termination of Material Resistance Protective LR Rate
Group No. and Configuration Span.=« Film Ave. Span > +5%)
{ VZA + VLS, STD. SPRAY 560K to 735K DC200. 1000CS +4.91 +0.47 to +25.1 2/10
50% TOLUOL
2 VZA + VLS. STD. SPRAY 600K to 700K DC3 +6.45 +1.0 to +26.3 2/9
3 VZA + VLS, STD. SPRAY 590K to 670K TEFLON. t2.3% +1.3to+5.0 1/8
. : rubbed on

4 VZA + VLS, STD. SPRAY 570K to 68CK DC200. 0.65CS +2.48 +1.8to +4.2 0/9
5 VZA + VL§, STD. SPRAY 590K to 690K DESICOTE +2.07 +0.95to +4.7 o/10
6 VZA + VLS, STD. SPRAY 535K to 635K NONE %3.27 -0,75to +17.2 1/10
7 VZA only. curved hop off " 315K to 575K NONE +3.8 +1.8 to +9,2 2/10
8 VZA + VLS (epoxy added) 275K to 760K  NONE +2.0 +0.31to+3.3  0/10

curved hop off
9 VLS (epoxy added), STD. 310K to 865K NONE £1.77 0.6 to +3, 1 0/10
SPRAY

10 VZA + 10K/ (O ink (epoxy 300K to 820K NONE +1.92 +0.15to +3.3  0/10

added) STD. SPRAY
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